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Labeling of Peripheral Blood Polymorphonuclear Leukocytes with 
Indium-Ill: A New Method for the Quantitation of In-Vivo 
Accumulation of PMNLs in Rabbit Skin 
ASHER V. WAHBA, M.D.,* BARRY BARNES, M.Sc., AND GERALD S. LAzARus, M.D. 
Department of Dermatology, University of Pennsylvania, Philadelphia, Pennsylvania, U.S.A. 
A precise method for quantitation of polymorphonu-
clear leukocyte (PMNL) accumulation in skin in vivo, 
has been developed so that the proinflammatory effects 
of various agents can be compared. This method can also 
be used to evaluate the effect of therapeutic agents on 
PMNL accumulation in vivo. Rabbit PMNLs were pur-
ified from heparinized blood by dextran sedimentation, 
hypotonic lysis, and separation on Ficoll-Hypaque. The 
PMNLs were labeled with 3-5 J.LCi per 106 cells of 111 ln 
oxine and reinfused coincidentally with different con-
centrations of different chemotactic and proinflamma-
tory materials injected intradermally into the back. In 
some experiments, varying concentrations of acetic acid 
were applied topically. Four to 18 hours later, the rab-
bits were sacrificed . Eight-millimeter punch biopsies 
were obtained from the injection sites and counted in a 
gamma counter. The number of PMNLs infiltrating the 
dermis was also quantitated in histologic sections. A 
significant correlation was found between the percent 
increase in radioactivity and the percent increase in 
PMNL accumulation morphologically. Dose-response 
curves were generated using such proinflammatory ma-
terials as formyl-methionyl-leucyl-phenylalanine, lipo-
polysaccharide, activated serum, trypsin, glycogen, and 
acetic acid. These curves were highly reproducible from 
animal to animal. Using this assay, we found that as 
little as 1 J.Lg of trypsin induced detectable PMNL accu-
mulation. This is 2-3 logs more sensitive than injecting 
mice intraperitoneally with trypsin. Diisopropyl fluo-
rophosphate-inactivation of trypsin inhibited PMNL ac-
cumulation. This sensitive and quantitative bioassay of 
PMNL accumulation permits evaluation of multiple 
agents in the same animal, which decreases animal to 
animal variation. 
Methods [or in -vivo quantitation of polymorphonuclear leu-
kocyte (PMNL) accumulation in skin are often tedious, time-
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consuming, and imprecise. Histologic examination of sk in after 
an intradermal injection of a proinf1ammatory proteinase is 
subject to substantial sampling errors [1) . Recently, measure-
ment of myeloperoxidase activity has been used for the esti-
mation of the neutrophil content of skin [2) ; however, this 
enzyme is a lso present in monocytes and macrophages and 
therefore not spec ific for neutrophils. An alternative technique 
to study the ab ili ty of various compounds to induce PMNL 
accumulation in vivo is the mouse intraperitoneal assay of 
Snyderman et al [3,4] . In t his method, the proinf1ammatory 
agent is injected into the peritoneal cavity and 12 h later the 
peritoneal !1uid is collected and the number of PMNLs is 
quantitated by direct count. This procedure as well as the 
intrapleural method is compromised by the inability to use one 
anima l for more than one agent. The biologic variation among 
animals must be corrected by studying a number of animals for 
each dose of each agent. The intrapleural and in traperitoneal 
methods are a lso relatively insensitive and they do not directly 
quantitate PMNL accumulation in skin. lndium-111 is a 
gamma-emitting isotope which in the oxine form labels cyto-
plasmic proteins. There is litt le leakage of the isotope from 
cells; Lane et a l [5] have used 111 1n-labeled PMNLs to study 
accumulation of cells in skin. We report a precise technique for 
in vivo quantitation of PMNL accumulation in skin using 111 In-
labeled PMNLs. The method is easy to perform, precise, repro-
ducible, and it allows comparison of different agents in the 
same an imal. The 111 ln-labeled PMNL method is a lso 2- 3 logs 
more sensitive than t he mouse intrapleural or intraperitoneal 
injection of proinf1ammatory agents. 
MATERIALS AND METHODS 
Preparation of Animal.s 
Eight-pound rabbits had their back skin thoroughly clipped using an 
A2 clipper (Oster, Milwaukee, Wisconsin). Four days later the rabbits 
were used for the experiments. The 4-day rest period was essential to 
enable the skin to recover from the mechanical injury of the clipping 
procedure. 
I solation and Labeling of PM N Ls 
Forty milliliters of blood were drawn from the ear artery (10 units 
heparin/cc blood) . Red blood cells were sedimented by the addition of 
an equal volume of 3% (wt/vol) dextran (500; Pharmacia Fine Chemi-
cals, Piscataway, New Jersey) in saline. The leukocyte-rich supernatant 
was collected and spun at 500 g for 10 min. The red cells in the pellet 
were lysed by hypotonic shock to avoid possible label ing of red cells, 
and the resulting cell suspension was layerefl over Ficoll-Hypaque and 
spun at 500 g for 30 min at 18oC [6]. The pellet obtained was rinsed in 
10 ml of phosphate-buffered saline (PBS) and a total leukocyte count 
and a clif'ferential were performed. Cell viabili ty was assessed using the 
trypan -blue exclusion method. Ninety-five to 97% of the leukocytes 
were neutrophils; the remaining cells were primarily eosinophils. At 
least 97% of the cells were viable. The yield of PMNLs obtained was 
15- 65 million ce lls. Red cell contamination was less than 10%. Cells 
were then resuspended in Dulbecco's minimal essential medium 
(G lBCO Labs., Grand Island Biological Co., Grand Island, New York) 
supplemented with 10 mM of Hepes (Sigma Chemical Co., St. Louis, 
Missouri) at a concentration of 107 ce lls per rnl. 111 In oxine was obtained 
from Mediphysics (Emeryville, Ca lifornia) and dissolved in absolute 
ethanol. Two t.o 5 ILCi were added for each 106 PMNLs. The cells were 
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incubated in the presence of the 111 ln oxine for 30 min at room 
temperature after which they were spun; the supernatant was discarded 
and the pellet resuspended in an equal volume of 20% autologous serum 
in PBS. The cell suspensions were incubated on a rocker-pa nel for 60 
additiona l min at 37"C before their reinjection into t he ear ve in of the 
a nima l. 
In Vitro Assay of Chemotaxis 
Chemotaxis was measured using the leading-fron t method of Sig-
mund [7] in modified Boyden cha mbers conta ining 5 11 m pore-size 
nitrocellulose filters (Millipore, Bedford, Massachusetts). Samples 
from t he same cell suspensions befo re a nd a fter labeling wi t h 111 In 
ox ine were studied and their chemotactic capacit ies were compared 
using 5% lipopolysaccharide-ac tivated norma l human serum 
(LPSANHS) in PBS and w-s M formyl-methionyl-leucyl-phenylala-
nine (F-Met-Leu-Phe; Sigma) as chemoattractants. It was found that 
t he labeling of the cells wi t h 111 ln oxine at t he above-mentioned label 
per cell ratios did not decrease PMNL migration. 
Preparation of Chemotactic and Proin.flam.matory Stimuli 
Solut ions of chemotact ic and proinflammato ry materials were pre-
pared freshly on the day of the experiment. Trypsin from bovine 
pa ncreas (Sigma} was diluted in sterile PBS at concent rations of 10, 
50, 100, 250, 400, 500, and 1000 l<g/ml. In some experiments, t rypsin 
was pretreated wi th 3 mM of diisopropyl fluorophosphate (DFP; Aldrich 
Biochemicals, Cedar Knolls , New J ersey) for 60 min at 37"C. Unbound 
DFP was removed by exhaustive dialys is against large volumes of PBS 
at 4•c . The enzymatic activity of t rypsin before a nd after treat ment 
with DFP was compa red using a spectrophotometric assay with tosyl-
a rginyl-methyl-ester (TAME; Sigma) as substrate [8]. Treatment of 
t he enzyme wi th DFP inhibited 98.5- 99% of its esterolytic activity. 
DFP-treated t rypsin was diluted to 500 and 1000 11g/ml in PBS and 
kept frozen at -2o·c in 1-ml aliquots until used in the animal. 
LPSANHS was prepa red by incubating norma l human serum wit h 1.5 
mg per ml of Salmonella typhi 0901 lipopolysaccharide (LSP; Difco 
La bs., Detroit , Michigan) for 90 min at. 37•c. The mix tures were then 
heated to 56 · c fo r 30 min and spun at 3000 g for 30 min at 4•c to 
remove pa rt iculate material. The LPSANH S thus obtained was frozen 
in small aliquots at - 2o•c un til immediate ly before use. Salmonella 
typhi 0901 LPS was dissolved at concent rations of 0.1, 1.0, 10.0, 100.0, 
a nd 500.0 11g/ml in sterile PBS on the same day of the experiment. F-
Met-Leu-Phe was dissolved at a concentration of 0.1 M in DMSO a nd 
further diluted to w-~. 10-", 10-', and 10- 5 M in ste rile PBS. Rabbi t 
li ver glycogen (Sigma) was dissolved at concentra t ions of0.1, 1.0, 10.0, 
a nd 100.0 11g/ml in sterile PBS on t he same day of the experiment. 
G lacial acetic acid was dilu ted to 75, 50, 25, and 12.5% in saline befo re 
its epicuta neous applicat ion under Finn cha mbers on the skin of the 
a n imals. 
Injection of the Chemotactic and Proinflammatory Stimuli 
Thirty to 60 minutes before the reinjection of the labeled PMNLs 
in to the ear vein of the rabbit, the animal was anesthetized by intra-
m uscular injection of a mixture of Acepromazine (1 mg per kg; Ayerst 
La bs, New York, New York ), Ketamin (35 mg per kg; Bristol Labs, 
Syracuse, New York) , a nd Rom pun (5 mg per kg; Cutter Labs, Shawnee, 
Kentucky). One hundred microliters of t he different chemotactic a nd 
proinfla mmatory stimuli were carefully injected in t radermally in quad-
ruplicate in t he dorsa l skin of the rabbit . PBS was a lso injected as a 
cont rol in every animal in quadruplicate. The injection sites were 
carefully ma rked and care was taken to leave adequate space between 
t he injection sites . A tota l of 40- 60 injections were made in to t he back 
of each animal. ln certa in experiments, 25 11! from tach of the different 
concentrations of acet ic acid were applied epicutaneously under Finn 
c hambers which were fi xed with adhesive tape. Immediately after t he 
completion of the in t raderma l injections, the 111 In -labeled PMNLs were 
reinjected into t he ear vein of the rabbi t . 
Quantitation of PMNL accumulation 
Four or 18 hours afte r the reinjection of the 111 ln -labeled PMNLs 
in to t he ear vein, t he rabbit was sacrificed by inhalation of CO·>· The 
marked injection sites were then carefully biopsied using an 8- mm 
punch. The radioactivity in each of the biopsy samples was coun ted in 
a gamma counter (LKB 1271 , Turku, Finla nd). The mean of the values 
fo r each one of the quadruplicate injection sites was then obta ined a nd 
t he percen tage of increase in cpm over the PBS cont rol injection sites 
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was calculated. In some experiments, immediately after coun t ing in t he 
gamma coun ter, the biopsy samples were fix ed in fo rmalin, embedded 
in para ffin , and stained wi th hematoxylin and eosin. Three sections 
through the biopsy were obtained from each one of the biopsy speci-
mens. The sections were examined at 450X ma1,'11ification in a Zeiss 
microscope; 100 high-power fi elds (HPFs) randomly chosen from t he 3 
different sections of each specimen were examined and t he number of 
neutrophils infiltrat ing the tissue per 100 HPFs was dete rmined. The 
percentage of increase in t he number of neutrophils per 100 HPFs over 
the background (their number in the PBS-injected contro l sites) was 
then correlated wi th the percentage of increase in the radioactive coun ts 
over the same bac kground. 
Demonstration of PMN L Association of th e Label 
In some experiments, 20 ml of blood were obtained 4 h afte r reinjec-
tion of t he labeled cells by cardiac puncture. The blood was drawn in 
hepa rin and the radioactivity associated wi t h whole blood, plasma, and 
packed-cells determined by count ing in a gamma counte r. To the 
remaining volume of heparinized blood, an equa l vo lume of 3% dextra n 
in saline was added. The leukocyte-rich supernatant was collected and 
a sample counted in a gamma coun te r. The supernatant was then spun 
at 500 g for 10 min. The red cells in t he pellet were lysed by hypotonic 
shock and the resulting cell suspension was layered over Ficoll -Hypaque 
and spun at 500 g for 30 min [6). The radioactivi ty associated wi th t he 
mononuclear ba nd as well as wi th the P MNL pellet was then deter-
mined. 
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FI G 1. Diffe rent concentrations of t ryps in and saline cont rols in a 
volume of 0.1 ml were injected in t raderma lly in quadruplicate in to the 
preclipped skin of t he back of 12 rabbi ts. P MNLs purified from the 
periphera l blood of t he animal and labeled with 111 ln ox ine were in fused 
simultaneously in to the ea r vein. In 6 of the rabbi ts, 50 11g of DFP -
t reated trypsin in 0.1 ml PBS were also injected. Four hours later, 8-
mm punch biopsies of t he injection sites were obta ined and the biopsies 
coun ted in a gamma coun te r. Percent increase in radioactivity over the 
saline controls was calculated, and the mean va lues ± SEM were 
calculated. A test for linea r t rend was perfo rmed and was fou nd to be 
highly significant: ( t = 12,459; n = 71; p < 0.001). 
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Organ. Distribution. of the Radioactivity 
After t he a nimals were sacrificed and t he skin biopsied, 1 ml of blood 
was obtained by in t raca rdiac puncture; the liver, spleen, and t he lungs 
were removed a nd weighed and a small weighed sample from each was 
counted in a gamma counter. In this ma nner, the amounts of radioac-
t ivity associated with liver, spleen, lungs, and peripheral blood were 
calcu lated. Aliquots of 10 ILl from the suspension of labeled PMNLs 
were coun ted befo re reinjection into t he a nima l and the tota l number 
of counts injected calculated. T he radioactivi ty associated with each of 
the above-mentioned organs was expressed as a percentage of the tota l 
amount of radioactivi ty injected. 
RESULTS 
PMNL accumulation in skin consequent to the injection of 
various concent rations of different agents was calculated and 
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dose-response relationships were obtained. These curves were 
highly reproducible from animal to animal and except for t he 
topical application of acetic acid, t hey were essentially identical 
if the animals were sacrificed either afte r 4 or after 18 h. 
Trypsin: In the dose-range of 1- 50 11g per injection, t he dose-
response curve was essentially a straight line (Fig 1). A statis-
t ical test for linear trend was highly significant (p < 0.001). At 
doses higher than 50 11g per injection , there was a tendency for 
the curve to f1atten. The injection of as few as 1- 5 11g of trypsin 
into the dermis resulted in a clearly discernible and significant 
increase in the amount of radioactivity associated wit h the 
biopsy tissue. Histologically, a mild infiltration of PMNLs into 
the dermal connective t issue as well as some degree of edema 
between the collagen bundles were observed at these low con-
centrations of the enzyme. At higher concentrations, these 
100 L-.....L-:-'----1...-L..._...J.._...J..__......_......__ 
0.01 1.0 10.0 50.0 
F IG 2. Various conce nt rations of sev-
eral proinflammatory materia ls [A , li -
popolysaccharide-activated norma l hu -
man serum (LPSANHS); B, Salmonella 
typhi lipopolysacc haride (LPS); C, F-
Met-Leu-Ph.e; D, Glycogen] and saline 
cont rols were injected in quadruplicate 
in to the preclipped skin of the back of 6 
rabbi ts. PMNLs purified from the pe-
ripheral blood of t he animal and labeled 
with '"In oxine were reinfused simulta-
neously into t he ear vein. Four hours 
later, 8- rnrn punch biopsies of the injec-
tion sites were obtained and the biopsies 
counted in a gamma counter. Percent 
increase in radioactivi ty over the saline 
controls was ca lculated, and t he mean 
values ± SEM were calculated. Analysis 
of va riance showed a significant ruffer-
ence between the different concent ra-
t ions: LPSANHS (p < 0.001), LPS (p < 
0.01), F-Met-Leu-Phe (p < 0.001), and 
glycogen (p < 0.001). 
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changes were more marked and were accompanied by some 
congestion of the blood vessels and some fragmentation of the 
collagen bundles. At concentratio ns of 50 1-Lg or more per 
injection, t he t issue was also hemorrhagic and edematous. 
Enzyme inhibition with DFP resulted in almost complete ab-
rogation of PMNL accumulation both histologically and by 
radioactive measurement (Fig 1). 
F-Met-Leu-Phe: The bacteria-derived formylated tripeptide 
F -Met-Leu-Phe was first tested for chemotactic activity in vitro 
using Boyden chambers and it was found to be active. The 
material was then injected in to the skin of rabbits at different 
concent rations and a highly reproducible dose-response rela-
tionship was observed (Fig 2C). As li ttle as 1 nmol of the 
material (0.1 ml of a w-" M solut ion) caused a discernible 
increase in the amoun t of radioactivity associated with the 
biopsy. Since F-Met-Leu-Phe was solubilized in DMSO, appro-
priate controls containing 1% DMSO in PBS were included; 
t hese injections were found to be similar to the PBS controls. 
Lipopolysaccharide: LPS from Salmonella typhi was also in-
jected into the dermis of rabbits at concentrations ranging 
between 0.01- 50.0 J.Lg per injection. Highly reproducible dose-
response curves were obtained (Fig 2B). Analysis of variance 
was performed and there were significant differences between 
the different concentrations of LPS (p < 0.01). 
Activated Serum: Normal human se rum which was activated 
wit h LPS was injected into the skin of rabbits. This was used 
800 
1 700 
IJo 
..,. 
J 
~ 
... 
0 
I 
Ji 50 
I 
• j 
i 
u 
~ 
11. 300 
100 
25 50 75 100 
Percent Acetic Acid 
FIG 3. Fifty microli te rs of various concent rations of acetic acid were 
a pplied epicutaneously under Finn chambers, in quadruplicate, onto 
the preclipped skin of the back of 4 rabbits. PMNLs previously purified 
fro m peripheral blood and labeled with "'In oxine were in fused simul-
taneously into the ea r vein of the animal. Four hours later the sites of 
application were ca refully biopsied with a n 8- mm punch and coun ted 
in a gamma coun te r. The percentage increase in radioactivi ty over 
untreated skin was calculated for each concentration of acetic acid in 
every anima l. Analysis of varia nce showed a significant difference 
between the different concentrations of acetic acid (p < 0.001). 
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FIG 4. One hundred microli ters conta ining djfferent concentrations 
of t rypsin, different concent rations of activated human serum in PBS, 
or saline cont rols were injected in quadruplicate into the preclipped 
skin of the back of a rabbit. PMNLs previously purified from peripheral 
blood a nd labeled with "'In oxine were infused simultaneously into the 
ear vein of the animal. Four hours late r the sk in injection sites were 
carefully biopsied with an 8- mm punch and coun ted in a gamma 
counter. The biopsies were then stained with hematoxylin and eosin; 3 
sections were obtained from each one of t he biopsies, one from the 
middle and one from each one of both ends of t he specimen. One 
hundred HPFs ra ndomly chosen from the 3 sections were examined 
and the number of neut rophils present per 100 HPFs was determined. 
A significant correlation was found between t.he percentage increase in 
the number of neutrophils per 100 HPFs over t he saline background 
and the percentage of increase in the radioactive counts over the same 
backgrounds (regression analys is: {3 1 = 1.4496; r = 0.5678; p < 0.001) . 
as a source of C5a, a complement-derived chemotactic factor. 
LPSANHS was injected at concentrations of 1, 10, and 100% 
and a highly reproducible dose- response relationship was ap-
preciated (Fig 2A ). Statistical analysis of variance comparing 
the different concent rations of LPSANHS indicated a highly 
significant difference (p < 0.001) between groups. Injections of 
unt reated human serum from the same donors into the skin of 
t he same animals were included in these experiments and they 
were not found to be different from the PBS controls. 
Glycogen: Glycogen from rabbit liver, another well-known 
proinflammatory substance, was also used. The material was 
injected into the skin of 5 rabbi ts at concent rations ranging 
between 0.1 1-Lg and 10.0 mg per injection. Highly reproducible 
dose-response curves were obtained (Fig 2D ). One-way analysis 
of variance was performed; this resul ted in a highly significant 
difference between t he different concentrations used ( p < 
0.001). 
Acetic acid: This was topically applied under Finn chambers 
onto the skin of 4 rabbi ts. Concentrations of 25, 50, 75, and 
100% were used. Highly reproducible dose-response curves were 
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obta ined when the animals were sacrificed a fter 4 h (Fig 3). A 
one-way ana lysis of variance was performed. There was a 
stat istically significant diffe rence between t he different concen-
t rations of acid used (p < 0.001 ).ln order to determine whether 
intermediate-strength topical cort icoste roids inhibited P MNL 
accum ulation, half of the dorsal skin of a series of 4 rabbits 
was pretreated with either hydrocort isone valerate or t he con-
tro l vehicle (1 g/1 em") under Saran Wrap occlusion for 12 h 
before acetic ac id was applied under chambers as previously 
described. Hydrocortisone valerate inhibi ted PMNL accumu-
latio n by 75 % when compared to the cont rol vehicle (data not 
shown ). 
Correlation Between Radioactive Counts and Morphologic 
Counts 
In severa l experiments t he skin biopsies from t rypsin and 
from LPSANHS injection sites were counted in t he gamma 
counter and t hen immediate ly fixed in formalin and processed 
fo r rout ine histology. The percent increase in radioactivity over 
t he PBS cont rol fo r each individual biopsy was plotted against 
t he percent increase in the actual number of intiltrating 
PMNLs per 100 HPFs as determined by direct histologic ex-
amination of t he t issue (Fig 4) . The data for each one of the 
animals were analysed using a linear regression model. A sta-
t istically significant co rrelation was found between t he per-
centage of increase in radioactive counts and the percentage of 
increase in actua l numbers of infilt rating neut rophil s as deter-
mined by histology. 
Demonstration of PM N L Association of the Label 
Only 8% of t he radioactivity in the blood after 4 h was 
associated with the plasma; ove r 90% was assoc iated wit h t he 
cells. Less t han 0.5% of the radioactivity associated wit h t he 
leukocyte- rich plasma was fo und in t he mononuclear cell band 
afte r separation on F icoll -Hypaque; whereas over 95% was 
present in t he P MNL pellet. 
Organ Distribution of the Counts 
The amount of radioact ivity injected into the circulation of 
the an imals ranged between 26.4-173 X lOr, cpms. Four hours 
later 29% of the radioactivity was still present in the circulat ion 
(range: 15- 54%). At the same time, 30.8% (range: 16- 49.6%) 
of the counts was found in the liver, 5.7% (2.1- 8.7%) in the 
lungs, and 2.2% (0.96- 3.28%) in the spleen. 
Direct Injection of Labeled PMN L into the Skin 
In some experiments, different numbers of labeled cells were 
directly injected into the skin . A linear correlation was found 
between t he number of injected labeled cells and the biopsy-
associated radioactivity (Table I). 
DISCUSSION 
A precise method for t he quant itation of PMNL accumula-
tion in skin in vivo has been developed. The method is based 
on the reinfusion of 111 In -labe led peripheral blood polymorpho-
T ABLE I. Injection of 111 l n-labeled PMNLs into the skin. 
Experiment 
A 
B 
c 
Mean 
JO" 
(cp m/ biopsy) 
487 
589 
125 
400 
Number of labeled P MNLs 
injected in to the skin 
10" 10' 
(cp m/ biopsy) ( cpm/biopsy) 
3699 
3440 
2102 
3080 
51771 
19387 
26012 
32390 
Different nu mbers of labeled cells were directly injected into the 
ski n in quadruplicates. Four hours later the injection sites were care-
fully biopsied and counted in a gamma counter. 
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nuclea r cells into the circulation of a rabbit simul ta neous wit h 
injection of a chemotactic or proinflammatory stimulus into 
the skin. Lane et al [5] have recent ly found that 1 11 ln -labeled 
rabbit PMNLs migrated to sites of art ificially induced inf1am -
mation in skin . However, t hey did not use the method to 
compare quant itatively the abili ty of different compounds to 
induce PMNL accum~lation in vivo. Isse~utz and Movat [9] 
used 5 1Cr-labeled rabbtt PMNLs to quan t ttate neutrophil ac-
cumulation in skin . Labeling wi t h chromium-51 is unsta ble 
result ing in the isotope leaking to the ext racellula r fluid ' 
whereas labeling wi t h indium-111 is much more effi cient and 
stable. 
Previously used methods for the quant itation of P MNL 
accumulation in vivo were either imprecise or extremely tedious 
and t ime-consuming. Injection of a proinf1ammatory stimulus 
into t he skin followed by histologic examination of the t issue 
and direct vi sual coun t ing of the P MNLs is inaccurate because 
of sampling problems, and when adequate coun t ing is pe r -
formed it is very t ime-consuming. Another method t ha t has 
been used in recent years is t he mouse in t raperitoneal assay of 
Snyderman et a l [3]. This method is more amenable to accurate 
quantitat ion t han t he histologic method. However , it requires 
large numbers of mice in order to accoun t fo r biologic va riat ion 
among different animals. Furthe rmore, it is relatively insensi-
tive and requires larger quant ities of proinf1ammatory mate -
ria ls. Finally, it is not a method for quant itation of P MNL 
accumulation in skin . More recent ly, measurement of myelo-
peroxidase activity has been used for t he estimation of t he 
neut rophil content of skin [2]. 
Labeling of isolated P MNLs wi t h a complex of indium-111 
and oxine (8-hydroxyquinoline) is a useful tec hnique wi t h many 
potential applications in clinica l and biologic investigations. 
The 11 1 In oxine, when dissolved in ethanol, diffuses passively 
t hrough the cell membrane and binds to an int racellular com-
ponent of t he PMNL. U nder appropriate labe ling condi tions 
1 1 1In oxine does not affect t he viabili ty, random migration, 
chemotaxis, and bactericidal capacity of t he cells [10,11]. 11 1 In-
labeled PMNLs have been successfully used to locate abcesses 
in dogs and humans [12,13] and myocardia l infa rctions in 
laboratory animals [14,15]. More recent ly, 111ln-labeling has 
been used to evaluate the kinetics and distribut ion of platelets 
in humans [16]. 
Using 111 ln oxine labeling of PMNLs, we were able to detect 
an increased accumulation of neut rophils by injecting as little 
as 1 f.Lg of t rypsin or 1 f.Lg of endotox in into the skin of t he 
rabbit . This is 2 logs more sensit ive than the mouse intraper i-
to neal assay of Snyderman et a l [3,4]. This method is specific 
fo r PMN Ls. Furthermore, t he eva luation of PMNL accumu-
lation in t he skin is acc urate since there is a correlation between 
acc umulation of radioactivity and t he number of neutrophils 
infil t rating the t issue as determined by direct microscopic ex-
amination. This tec hnique has many potent ia l uses such as in 
t he investigation of mediators of inflammat ion, in the fi eld of 
irritant dermatit is, in the investigation of topical ant i-inf1am-
matory agen ts, or in the evaluation of the ant i-inflammatory 
propert ies of systemically administered medications . We are 
also current ly investigating labeling of lymphocytes to quanti-
tate the kinetics of ce llula r intil t ration in delayed-type hyper-
sensit ivi ty reactions in skin . 
We wish to acknowledge the support of Westwood Pharmaceutical 
Inc., Buffalo, New York, for their assistance in supporting Dr. Wahba. 
Captain William Briner, Director of Nuclear Medicine Laboratory and 
Radio Pharmacies, Duke University Medical Center, provided us sam-
ples of indium-ll1 and much useful help and discussion; we are deeply 
indebted for his efforts. Dr. Ralph Snyderman , Duke Un iversity Med-
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